Introduction
Electronics have been implicated in the form of flexible wearable new applications for monitoring purposes, thanks to the technology miniaturisation and wireless revolution. A number of prototype garments that can monitor and relay various types of data have been developed as a result of ongoing research on wearable electronic systems [1] .
A smart textile is able to "sense" changes in the environmental condition with a sensing function. A sensor is a device providing information, mostly in the form of an electrical signal. It perceives the measured object or medium and emits a signal related to the variations of the measured quantity [2] . The measured quantities are of various types, such as position, velocity, temperature, humidity, force, pressure and flow. Most signals are conveyed in the electrical form by sensors; therefore, using electro-conductive materials is the most efficient way to create a textile sensor. In turn, actuators in smart textiles react to a signal coming from the sensor or data-processing unit in the form of movement, noise, substance release and so on.
In order to function as a stand-alone unit, smart textiles require energy supply and energy storage capacity. Power supply technologies provide electrical power for the activation of other constituents of the smart textile system. In order to make multifunctional and interactive systems, the electronic components of a smart textile system must be linked on to each other by means of common physical materials such as wires, cables and connectors. Electro-conductive yarns are used as warp and/or weft yarns in woven fabrics to form a bus-like structure and carry out the interconnection or communication between different components of a smart textile system [3] .
The main advantage of textiles is their flexibility, related in some aspects to clothing comfort. Woven fabrics are structurally convenient for wearable electronic clothing used for monitoring applications in such a way that woven fabrics provide dimensional stability and constructing circuits in a woven structure is less complicated because warp and weft yarns can be easier to control than a knitted structure. The interlacing of warp and weft in woven fabrics functions as networks for electrical circuits and as well as the supporting material for the integrated electronics [4] .
Textile sensors are used for the recording of electrocardiogram (ECG), respiration rate, heart rate, and so on; Van Langenhove and Hertleer [5] developed textile electrodes that were made of stainless steel fibres and had a knitted structure for ECG and heart rate measurements. They were incorporated into a belt to be worn around the thorax. In the study of Loriga, Taccini 
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Production of devices
In order to measure the driver's body temperature and, at the same time, alert a driver when his/her temperature goes below a certain value (in our case 35.5°C), two electronic devices have been designed within the frame of this study. One of them is a general-purpose portable device and the other one is a wearable device, which is much smaller than the previous one.
In this section, we give the details of these electronic circuits.
Portable device
The circuit schematic of the portable device is shown in Figure  2 . It consists mainly of a microcontroller (PIC16F628), a display, a programmable digital thermometer (DS18B20), a decade counter (4017), a relay, a vibration motor, several push-buttons and various resistors and transistors. The microcontroller is the most essential element of this circuit. It realises most of the job by means of the software embedded on it. User is able to set the temperature below which the motor will start vibrating to stimulate the driver. This setting is done through the pushbuttons. We adjusted this value as 35.5°C. Body temperature is sensed by DS18B20, which should be placed on (or near to) the skin of the driver. The information about the temperature of the driver is acquired by the microcontroller, which sends this value to the display for monitoring the current temperature. For this purpose, 4017 decade counter and transistors are used in the circuit. In this way, one can continuously observe the body temperature of the driver on the display. The temperature is constantly sensed by the microcontroller and compared with the set value (35.5°C) in every cycle of the software program running on the microcontroller. The software is constructed such that when the temperature goes below 35.5°C, the 18 th with the conductive paste resulted in the most significant ECG signals for physiological monitoring.
There are other studies about portable and wearable electronic textiles; Mazzoldi et al.
[9] developed wearable devices that are able to read and record the posture and movements of a subject wearing the system. Strips of strain fabrics were applied together with conductive tracks at strategic points in a shirt and a glove in order to detect the movements of the principal joints. Rossi et al.
[10] developed the wearable devices (a smart shirt, a leotard and a glove) that can read and record the vital signals and movements of a subject wearing the system. The sensing function of the garments is based on piezo-resistive fabric sensors, based on carbon-loaded rubbers and different conductive materials.
The primary function of sleep is conserving the body energy, so less energy is used to keep the body temperature at certain level during sleep. Before sinking into sleep, the human body loses heat and the body temperature decreases 1-2°F (0.56-1.11°C) during sleep eventually [11] . The aim of this article is to present the driver vibrating textile-based system with temperature sensors that alerts the driver when he/she feels sleepy or sleeps. The major consideration at the starting point of circuit design is the thermal feedback from the users who are wearing these electronic textiles. After portable device with temperature indicator developed, wearable device, userfriendly, was created.
Production of woven fabric
2/2 twill woven fabrics are commonly used for men and woven shirts, so, in this research, 2/2 twill woven fabric samples (30×30 cm) were produced in the in-house weaving workshop by CCI automatic sample rapier loom (Evergreen 8900, Taipei, Taiwan). Hundred percent polyester and stainless steel core yarns with cotton fibre as sheath material were used. The specifications of yarns are given in Table 1 . While the electro-conductive and polyester yarns were inserted in 1-7 orders to obtain enough space between conductive yarns within the fabrics, only polyester yarns were used as warp yarns to disallow contact with conductive weft yarns. The open-parallel structure of the conductive yarns are represented with grey squares and letter C, whereas the polyester yarns are represented with white squares and letter P in Figure 1 . Both white and grey squares also represent intersection points between warp and weft yarns. Warp and weft settings of woven fabric sample on the loom were 24 cm −1 , which was calculated for the loom state. No finishing process was applied on the fabric samples. 
Wearable device
The second circuit we designed for the purpose of stimulating the driver in the case of falling asleep is much smaller and simpler than the portable device. It occupies much less area; therefore, it is possible to sew it on the fabric that can be used for the clothes of the driver. For this reason, we call this circuit a wearable device, the schematic of which is shown in Figure 4 .
The main component of this circuit is the analogue comparator (LM311). It compares the voltage levels applied to its inputs (pin2 and pin3) and produces a binary output (either "0" or "1") from 7 th terminal (pin7). If the voltage level at the 2 nd terminal is greater than that of the 3 rd terminal, the output will be logic "1", otherwise it will be logic "0". We used LM35 temperature sensor in the circuit. If it is supplied appropriately, one can acquire an electrical voltage that is proportional to the ambient temperature from its middle terminal. The middle terminal of the LM35 is connected to the 3 rd terminal of the LM311 comparator. We observed experimentally that when the temperature is around 35.5°C, the voltage measured on the middle terminal terminal (pin18) of the microcontroller is made logic "1" (i.e. 5 volts). This terminal is connected to the transistor that activates the relay through a resistor. When this happens, the relay is activated and the motor stars vibrating to stimulate the driver.
A photograph of the implemented circuit together with the fabric is shown in Figure 3 . The energy supply (voltage source), used in the circuit are 9V batteries as they are easy to obtain. We used 7805 voltage regulator to convert this value to 5V, because of the necessity of 5V voltage supply in the circuit. The three terminals of the DS18B20 digital thermometer are soldered on the conductive weft yarns of the fabric. The thermometer transmits the electrical information about the body temperature of the driver to the electronic device through these conductive weft yarns. In Figure 3 , the digital thermometer is shown on the bottom left of the picture (the small black electronic component on the left edge of the fabric). The electrical signal generated by this element is transmitted (through the white conductive yarns) to the right edge of the fabric where the electronic device is placed. this case. Then, the temperature is made lower than 35.5°C, in which case, the motor starts vibrating.
The experimental results of the wearable device are illustrated in Figure 6 , which shows two snapshots of an oscilloscope screen. The oscilloscope is a measuring device that is used for observing the voltage waveforms in electric circuits. In Figure 6 (a), output voltage of the comparator for temperatures greater than 35.5°C is shown. As expected, the voltage is zero and thus the motor does not vibrate. When the temperature is less than 35.5°C, the output voltage becomes 5V as shown in Figure 6 (b), switching the motor on (each vertical division on the oscilloscope screen is adjusted to 5V).
CONCLUSIONS
While the human body temperature is 36.5°C at normal conditions, body temperature declines by 1-2°C when a person feels sleepy or sleeps. In this study, the portable and wearable devices were designed and integrated with woven fabrics by conductive core steel yarns in weft direction. Temperature of the temperature sensor is about 0.33V. A voltage divider is constructed using a resistor (1kΩ) and a variable resistor (20kΩ pot) to obtain a voltage level of 0.33V. This voltage is applied to the 2 nd terminal of the comparator. When the temperature is above 35.5°C, the voltage at the negative input (3 rd terminal) of LM311 is greater than the voltage at its positive input (2 nd terminal). In this case, the output of the comparator becomes logic "0" that does not activate the transistor used for driving the vibration motor. When the temperature is below 35.5°C, the output will become logic "1". This will make the transistor to pass current through the motor, and thus vibration will occur to stimulate the driver. A photograph of the wearable device is shown in Figure 5 . Similar electrical connections to the conductive weft yarns of the fabric are made as explained for the portable device.
Experimental results
The implemented circuits are tested in the laboratory. First, the ambient temperature is increased by a heater to a normal body temperature level. As expected, the motor does not vibrate in Woven fabric has low strain properties and can be constructed more uniformly in both warp and weft directions. Therefore, due to their more consistent structure, woven fabrics made of conductive yarns can consistently maintain their properties. Consequently, the smart woven fabrics developed within the scope of this study can be used in smart clothes in order to stimulate and awaken the long-distance drivers.
